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DESCRIPTION 
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ACTUATOR AND MOTION GUIDE APPARATUS 

Technical Field 

The present invention relates to an actuator for driving a movable 
object and a motion guide apparatus for guiding the motion of the 
movable object 
Background Technology 

The applicant of the subject application has provided a compact 
actuator formed, as shown in Fig. 9, in combination of a guide mechanism 
3 for guiding a sliding motion of a movable block 1 along a track rail 2 and 
a ball screw mechanism 4 for moving the movable block 1 . 

The track rail 2 is formed so as to provide a generally U- shape in 
section having a bottom portion and a pair of wall portions, and the 
movable block 1 is clamped between the opposing paired wall portions. 
The movable block 1 has a ball screw portion at its central portion, and is 
supported at its both side portions by the wall portions of the track rail 2. 
The ball screw portion of the movable block 1 is screw engaged with a 
screw shaft 4 penetrating the movable block 1. When the screw shaft 4 is 
rotated, the movable block 1 slides along the track rail 2. The movable 
block are formed, at its both sides, with loaded ball rolling grooves 
extending in the axial direction of the track rail 2 so as to provide a guide 
mechanism 3. 

A number of balls are disposed to be reliable between the track rail 
and the movable block so that the movable block is smoothly slid along 
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the track rail. 

In such actuator, since the U-shaped track rail is adopted, high 
rigidity can be ensured in spite of a compact outer dimension, thus being 
advantageous. 
Disclosure of The Invention 
Problem to Be Solved by The Invention 

An object of the present invention is to provide an actuator capable 
of ensuring a high rigidity in spite of more compact outer dimension with 
the above advantageous feature being maintained. 
Means for Solving The Problem 

The present invention will be described hereunder, in which 
although reference numerals described on drawings are added with 
parenthesis for the easy understanding of the present invention, the 
present invention is not limited thereby to the embodiment shown in the 
drawings. 

In order to solve the above problem, the actuator recited in claim 1 
comprises: a hollow track member (6) having a slit extending in an axial 
direction thereof; a movable member (7) disposed inside the track member 
(6) to be movable along the track member, and a drive mechanism (17) for 
moving the movable member (7) along the axial direction of the track 
member (6), wherein the track member (6) has, in a section perpendicular 
to the axial direction of the track member (6), a guide portion (9) for 
guiding movement of the movable member (7) and an extension (11) 
extending from the guide portion (9) so as to cover the movable member (7), 
and a width (Wl) of the slit (8) of the track member (6) formed between the 
opposed extensions is narrower than a width (W2) of the movable member 
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The invention of claim 2 is characterized in that, in the actuator of 
claim 1, a single slit (8) is formed in a circumferential direction of the track 
member (6) in a section perpendicular to the axial direction of the track 
member. 

The invention of claim 3 is characterized in that, in the actuator of 
claim 1 or 2, the track member (6) has a substantially circular-arc shape 
in section. 

The invention of claim 4 is characterized in that, in the actuator in 
claim 1 or 2, the track member (6) is formed with a rolling member rolling 
groove (9) extending in the axial direction thereof as the guide portion (9), 
the movable member (7) is formed with a loaded rolling member rolling 
groove (13) opposing to the rolling member rolling groove (9) formed to the 
track member, and a number of rolling member (10) are interposed 
between the rolling member rolling groove (9) of the track member (6) and 
the loaded rolling member rolling groove (13) of the movable member (7) to 
be reliable therebetween. 

The actuator of claim 5 is characterized in that, in the actuator of 
claim 1 or 2, the track member (6) is provided with a cover member (21) to 
be expanded or contracted in the axial direction of the track member (6) so 
as to entirely cover the track member (6) in the section perpendicular to 
the axial direction of the track member, and a portion of the movable 
member (7) projecting over the slit (8) of the track member penetrates the 
cover member (21). 

The actuator of claim 6 comprises: a hollow track member (6) 
having a slit extending in an axial direction thereof; a movable member (7) 
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disposed inside the track member (6) to be movable along the track 
member; and a drive mechanism (17) for moving the movable member (7) 
along the axial direction of the track member (6), wherein the track 
member (6) has a substantially circular-arc shape in a section 
perpendicular to the axial direction of the track member. 

The actuator of claim 7 is characterized in that, in the actuator of 
claim 6, the drive mechanism (17) is provided with a screw portion formed 
to the movable member (7) and a screw shaft (17) to be screw engaged 
with the screw portion, the screw shaft (17) penetrating the movable 
member (7), the screw shaft has a center line coincident with a center line 
of an output shaft of a drive source (31) rotating the screw shaft (17), and 
the drive source has an outer substantially circular shape in a section 
perpendicular to the axial direction of the track member (6). 

A motion guide apparatus recited in claim 8 comprises: a hollow 
track member (6) having a slit (8) extending in an axial direction thereof; 
and a movable member (7) disposed inside the track member (6) to be 
movable along the track member, wherein the track member (6), in a 
section perpendicular to the axial direction of the track member, has a 
guide portion (9) for guiding movement of the movable member (7) and an 
extension (11) extending from the guide portion (9) so as to cover the 
movable member, and a width (Wl) of the slit (8) of the track member (6) 
formed between the opposed extensions (11) is narrower than a width 
(W2) of the movable member (7). 
Effect of The Invention 

According to the invention of claim 1, the sectional shape of the 
track member approaches a closed curved line, and in spite of the 



4 



^compact outer dimension, the second moment of area can be made large. 
For this reason, an actuator having high rigidity such as flexure rigidity, 
torsional rigidity and the like can be obtained. 

According to the invention of claim 2, by forming only one slit in 
the circumferential direction of the track rail, the rigidity can be made 
further higher. Since the inside of the actuator can be easily sealed, an 
actuator having improved dust preventing performance can be provided. 

According to the invention of claim 3, in spite of the most compact 
outer dimension, an actuator having high rigidity can be obtained. In 
addition, since the degree of freedom for arranging the guide portion of the 
track member can be enhanced, the guide portion can be located to the 
most suitable position in accordance with a load to be applied to the 
movable member. 

According to the invention of claim 4, the movable member can be 
smoothly moved. 

According to the invention of claim 5, the highly improved dust 
preventing effect can be attained with the function of the actuator for 
moving the movable object being maintained. 

In the conventional actuator, the bottom surface of the track rail 

was formed to be flat, (that is, the track rail is formed so as to provide a 

U- shape in section), for easy mounting to the flat fixing member such as 

bed. As in the invention of claim 6, by forming the track member so as to 

provide a substantially circular-arc shape in section, in the case of 

obtaining the same flexure rigidity as that of the track rail having 

U-shaped section, the track member can be made light For this reason, 

the actuator can be preferably utilized for a portion at which the actuator 

• 
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is swung such as the front end shaft of an articulated robot In addition, 
by forming the track member so as to provide substantially circular-arc 
shape in section, the uniform flexure rigidity to the load in every direction 
can be obtained. Furthermore, by forming the track member so as to 
provide a substantially circular-arc shape in section, the track member 
can be manufactured from a pipe, for example, resulting in easy working. 

According to the invention of claim 7, by making coincident the 
outer shapes of the track member and the drive source with each other, 
an actuator having compact and slim structure can be obtained. 

According to the invention of claim 8, the sectional shape of the 
track member approaches a closed curved line, and in spite of the 
compact outer dimension, the second moment of area can be made large. 
For this reason, a motion guide apparatus having high rigidity such as 
flexure rigidity, torsional rigidity and the like can be obtained. 
Brief Description of The Drawings 

[Fig. 1] Fig. 1 is a perspective view of an actuator according to a 
first embodiment of the present invention. 

[Fig. 2] Fig. 2 is a sectional view of the actuator of Fig. 1 . 

[Fig. 3] Fig. 3 is a sectional view in comparison of a track rail of the 
present invention with a conventional track rail having a U-shaped 
section. 

[Fig. 4] Fig. 4 is a sectional view in comparison in the second 
moment of area between the track rail of the present invention and a 
conventional U-shaped track rail. 

[Fig. 5] Fig. 5 is a sectional view of the actuator (in a plane parallel 
with the axis of the track rail). 
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[Fig. 6] Fig. 6 is a perspective view of the actuator with a cover 
being removed. 

[Fig. 7] Fig. 7 is a perspective view of an actuator according to a 
second embodiment of the present invention. 

[Fig. 8] Fig. 8 is a perspective view of an actuator according to a 
third embodiment of the present invention. 

[Fig. 9] Fig. 9 is a perspective view of a conventional actuator. 
Explanation of Reference Numeral 

6 — track rail, 7 — movable block (movable member), 7a — a 
portion of movable block, 8 — slit, 9 — ball rolling groove (guide 
portion), 10 — ball (rolling member), 11 — extension, 13 — loaded 
ball rolling groove, 17 — screw shaft (driving mechanism), 18, 19 — 
bracket (support column), 21 — cover member, 31 — electric motor 
(drive source), Wl — slit width, W2 — movable member width. 
Best Mode for Embodying The Invention 

Figs. 1 and 2 represent an actuator according to the first 
embodiment of the present invention, in which Fig. 1 is a perspective view 
and Fig. 2 is a sectional view. In this actuator, a cylindrical track rail 6 is 
utilized as a hollow track member. Inside the track rail 6, a movable block 
7 is disposed to be movable in the axial direction of the track rail 6. The 
track rail 6 is formed with a slit extending in the axial direction thereof. A 
portion of the movable block 7 projects from the slit 8, and a connection 
member, (detail of which is described hereinafter), connected to a movable 
object (object to be moved) is secured. The movable block 7 is slid in the 
axial direction of the track rail 6 by a ball screw mechanism as a drive 
mechanism. 
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The track rail 6 is supported, at its both ends, by brackets 18 and 
19 as if it is floated. The slit 8 of the track rail 6 is, as shown in Fig. 2, 
formed only at one portion in the circumferential direction of the track rail 
6 in a section perpendicular to the axial direction of the track rail 6. The 
sectional shape of the track rail 6 is not completely circular because of the 
formation of the slit, but it will be formed in a substantially circular-arc 
shape. 

The track rail 6 has a guide portion for guiding the movement of 
the movable block 7. In this embodiment, the guide portion 9 is composed 
of a plurality of rows of ball rolling grooves 9 extending in the axial 
direction of the track rail. For example, the vertically two rows of ball 
rolling grooves 9 are formed on both the lateral sides, respectively, so as to 
oppose to the upper and lower portions of the lateral both side surfaces of 
the movable block 7. The ball rolling groove 9 is formed as a circular-arc 
groove having a single circular-arc having a sectional area which has a 
radius of curvature slightly larger than a radius of the ball. Further, in an 
arrangement in which the ball 10 is not disposed between the track rail 6 
and the movable block 7, and the movable block 7 is slidably moved with 
respect to the track rail 6, a portion supporting the movable block 7 to be 
slidable is formed as a guide portion. 

The guide portion 9 is provided with a pair of opposing extensions 
11 so as to cover the movable block 7, and a slit 8 is formed between front 
ends of the opposing extensions 1 1 . The location of such extensions 1 1 
from the guide portion 9 makes the width Wl of the slit 8 narrower than 
the width W2 of the movable block 7. Accordingly, a tension (tensile) load 
to pull off the movable block 7 from the track rail 6 is applied to the 
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^movable block 7, and even if the ball is come off fiiom the space between 
the track rail 6 and the movable block 7, the movable block 7 is never 
come off from the track rail 6. 

Fig. 3 is an illustration showing a comparison between the tack rail 
6 of the present embodiment and the conventional track rail 2 having 
U-shaped cross section. The track rail 6 of the present embodiment differs 
from the conventional track rail 2 in the point that the extensions 11 
extend over the movable block 7. According to such arrangement, the 
sectional shape of the track rail 6 approaches a closed curved line, and 
hence, in spite of the compact outer dimension, there can be provided an 
actuator having high rigidity such as flexure rigidity, torsional rigidity and 
the like. 

Fig. 4 shows comparison in shape of the track rail 6 of the present 
embodiment and the conventional track rail 2 having U-shaped cross 
section in a case that second moments of area DC-DC around the X-X axes 
are made substantially coincident with each other. In Fig. 4, a value of 
AREA represents areas of the track rails 2 and 6 which are proportional to 
weights of the track rails 2 and 6. From Fig. 4, it will be found that the 
value of the AREA can be reduced into 1/3 value, i.e. the weight thereof 
into 1/3 value, in an event when the track rail 6 having the circular-arc 
sectional shape obtains the same second moment of area around X-X axis 
as that of the track rail 2 having the U-shaped section. It is also found that 
a uniform flexure rigidity in every direction is obtainable because the 
second moment of area DC-DC around the X-X axes and the second 
moment of area IY-IY around the Y-Y axes are substantially equal to each 
other. 
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Further, although the outer periphery of the track rail 6 is formed so 
as to provide a circular-arc shape, strictly speaking, it is not circular-arc 
shape because the ball rolling grooves 9 are formed to the inner periphery 
of the track rail 6 so as to accord with the outer shape of the movable 
block 7. The concept that the track rail 6 is formed substantially into 
circular-arc shape includes such a case. 

As shown in Fig. 2, the movable block 7 is supported by the track rail 
6 to be slidable through a number of balls 10. The movable block 7 has 
both side surfaces to each of which vertical two rows of loaded ball rolling 
grooves 13 are formed so as to extend linearly in a fashion opposing to the 
ball rolling grooves 9 formed to the track rail 6. Each of these loaded ball 
rolling grooves 13 is formed also as circular-arc groove having a radius of 
curvature slightly larger than a radius of the ball. 

With reference to Fig. 5, the movable block 7 is formed with a ball 
return passage 14 extending in parallel with the loaded ball rolling groove 
13 and a pair of rolling direction changing passages 15 connecting, at both 
ends thereof, the ball return passage 14 and the loaded ball rolling groove 
13. The direction changing passage 15 is formed so as to provide a 
circular-arc shape having substantially constant radius of curvature. 
However, the present invention is not limited to such structure, and the 
direction changing passage 15 may include a linear portion. These loaded 
ball rolling groove 13, the ball return passage 14 and the direction 
changing passages 15 constitute a ball circulation passage in form of 
circuit When the movable block 7 is slid with respect to the track rail 6, 
the balls disposed between the movable block 7 and the track rail 6 roll 
and circulate along the ball circulation passage. According to such motion, 
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the movable block 7 can be smoothly slid with respect to the track rail 6. 

In the described embodiment, four rows (threads) of ball circulation 
passages are formed. Such four-row arrangement of the ball circulation 
passages will bear the load applied to the movable block 7 in every 
direction in the section shown in Fig. 2. The load bearing directions of the 
movable block 7 accord with the contact angle lines (1) to (4) in Fig. 2. 
Herein, the contact angle line means a line connecting a contact point 
between ball rolling groove 9 of the track rail 6 and the ball 10 and a 
contact point between the loaded ball rolling groove 13 of the movable 
block 7 and the ball 10. In the described embodiment, since the four rows 
of loaded ball rolling grooves 13 are formed, the four contact angle lines (1) 
to (4) exist, in which the upper two contact angle lines (1) and (4) incline, 
for example, by 45 degrees from a horizontal direction so as to direct 
obliquely upward in the outward direction from the center of the movable 
block 7, and on the other hand, the lower two contact angle lines (2) and 
(3) incline, for example, by 45 degrees from a horizontal direction so as to 
direct obliquely downward in the outward direction from the center of the 
movable block 7. According to such arrangement, there can be obtained 
an actuator which can bear the load in four directions of radial direction 
(downward direction), reverse radial direction (upward direction), and 
transverse direction (right and left directions). By forming the track rail 6 
so as to provide a circular-arc sectional shape, the four contact angle lines 
(1) to (4) can be easily arranged in the radial direction. 

Incidentally, in accordance with the load to be applied to the movable 
block 7, the number of rows of the loaded ball rolling grooves may be 
made two rows or so. In addition, in order to easily work the movable 
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^block, the movable block may be formed so as to provide a circular shape 
other than rectangular shape in section. 

The screw structure of the movable block 7 will be described 
hereunder. 

As shown in Fig. 1, the screw shaft 17 penetrates the central portion 
of the movable block 7. A ball rolling groove 17a for the spiral screw shaft 
is formed on the outer peripheral surface of the screw shaft 17. The ball 
rolling groove 17a of the screw shaft 17 has a sectional shape of, for 
example, gothic-arch having two circular-arc portions having a radius of 
curvature slightly larger than a radius of the ball. On the other hand, a 
loaded ball rolling groove for the screw shaft is formed to the through hole 
of the movable block so as to oppose to the ball rolling groove 17a of the 
screw shaft. The loaded ball rolling groove for the screw shaft has a 
circular shape in form of gothic-arch having a sectional shape also 
composed of two circular-arc portions having a radius of curvature slightly 
larger than the radius of the ball. Furthermore, the movable block 7 is 
provided with a return pipe for circulating the ball rolling between the ball 
roiling groove 17a of the screw shaft and the loaded ball rolling groove for 
the screw shaft. 

The brackets 18 and 19 as columns for supporting both ends, in 
the axial direction, of the track rail are mounted to both the ends, in the 
longitudinal direction, of the track rail 6. These brackets 18 and 19 
support the screw shaft to be rotatable. The brackets 18 and 19 and the 
track rail 6 are combined by fastening means such as bolts. A driving 
source 20 is mounted to the bracket 19, and an output of the driving 
source 20 is transmitted to the screw shaft 17. Only one of these 
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^ brackets 18 and 19 may be used to cantilever the track rail 6 at the axial 
direction thereof and may be disposed on both axial sides of the track 
rail so as to support the same at both ends. 

When the screw shaft 17 is rotated, the ball rolling in the 
circumferential direction on the ball rolling groove 17a of the screw shaft 
17 while being loaded is scooped up by the return pipe. The scooped-up 
ball passes in the return pipe and is then returned on the ball rolling 
groove 17a of the screw shaft at a portion apart by several pitches. 

Fig. 6 shows the actuator of the structure mentioned above to 
which a connection member and a cover member are mounted. The 
track rail is covered by a cover member 21 in shape of bellows. The 
cover member 21 has both ends which are mounted to the brackets 18 
and 19, respectively. A portion 7a of the movable block 7 (this portion 7a 
of the movable block 7 may be integrally formed with the movable block 
or fastened thereto by means of bolt) projects through the slit 8 of the 
track rail 6. In this embodiment, the portion 7a is formed as a separate 
member of the movable block 7 and fastened thereto by means of bolt. 
Further, the connection member 22 constituting a portion of the 
movable block 7 has a bent rod shape. The connection member 22 has 
a spherical front portion which is fitted to a movable object. The 
connection member 22 penetrates the cover member 21 and the 
penetrating portion thereof is sealed by bonding means or band. The 
cover member 21 in form of bellows is formed from rubber, cloth, 
aluminium fiber or so. The cover member 21 may be formed from one 
block or two blocks to be assembled. 

The inside of the actuator can be sealed by covering the track rail 6 
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by the cover member 21 in the floated state with the function of the 
actuator being maintained. Further, the entire inner volume of the cover 
member 21 does not change even if the movable block is slid and the 
cover member be expanded or contracted (though the volume of the wall 
section of the cover member 21 may be changed by the expansion or 
contraction thereof). Because of this reason, even if the movable block 7 
is slid, the cover member 2 1 is not expanded or contracted. 

Fig. 7 shows an actuator according to the second embodiment of 
the present invention. The actuator of this embodiment has 
substantially the same structure as that of the first embodiment, but 
differs from the first embodiment in the shape of the connection member 
22 constituting a portion of the movable block 7. The shape of the 
connection member 22 will be determined in accordance with the use of 
the actuator, the condition connected with the movable object, or the 
like. Of course, it is not necessary to form the connection member 22 in 
form of rod as in the first and second embodiments. 

Fig. 8 shows an actuator according to the third embodiment. The 
actuator of this third embodiment has a structure such that the center 
line of the screw shaft 17 accords with the center line of the output shaft 
of the electric motor 31 as a drive source for rotating the screw shaft, 
and that in a sectional surface perpendicular to the axial direction of the 
track rail 6, the outer shape of the electric motor 31 is formed into a 
circular shape so as to accord with the shape of the track rail 6. a 
reduction mechanism 32 such as circular harmonic drive, planetary 
gear or the like is interposed between the output shaft of the electric 
motor 31 and the screw shaft 17. The track rail 6, the movable block 7, 
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screw shaft 17 and the like have the structures substantially the same 
as those of the actuator of the first embodiment, so that the same 
reference numerals are added and their explanations are omitted herein. 

According to the actuator of this embodiment, the outer shapes of 
the track rail 6 and the electric motor 31 can be coincident with each 
other, thus providing compact and slim actuator. In addition, by using 
the direct drive motor as the electric motor 31 and directly connecting 
the rotor to the screw shaft 17, the axial length of the actuator can be 
made short without interposing the reduction mechanism. Moreover, an 
electrically driven cylinder may be utilized in place of the electric motor 
31. 

Further, it is to be noted that the present invention is not limited to 
the described embodiments and many other changes and modification 
may be made without departing from the subject feature of the present 
invention. For example, a track rail having, in section, an elliptical shape, 
an elongated circular shape (having central rectangular shape and 
circular end shape) and the like shape may be adopted in place of the 
circular-arc shape. A column may be disposed only at one end side of 
the track rail. Further, rollers may be utilized in place of balls. A spacer 
may be interposed between the adjacent balls to prevent the balls from 
contacting to each other. 
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